Oct 27 03 Q2:47p S Lord M Tutoli 



7SO 943 9544 



5 CLAMS 
What is claimed is: 

1 . (currently amended)A Machine for Production of Granular Silicon 
comprising: 

10 a heating section located below a reacting section; where said 

heating section con consist of comprises one or more tubes heated by one or 
more heaters 

a mechanism that pulses silicpn granules back and forth between 
the heating and reacting sections ; 
1 5 at least one separate injection ef means for injecting silicon 

containing gases^ and 

at least one separate injection means for injecting non silicon 
containing gases a nd 

cheating means to heat t he non silicon containing gases above 
20 the a reaction temperature^ 

eeett ng o aoh injoction location of th e silicon containing gas e s ; 
2, (currently amended) aA machine of claim 1 where there are multiple stages: a 
1st stage e ach ono consisting of comprising a heater section, ar^d ajeaction 
section , a granule pulsing mechanism, a separate gas injection means for 
25 in jecting silicon containing gases, a separate injection means for injecting non 
silicon containing gases and aheating means to heat t he non silicon containing 
gases above the a reaction temperatur e and at least one additional stage 
comprising at least a heater section, a reaction section and a oas injection 
means , wh e r e eaoh -roa ot o r s e ction h a s ono or more i nj e ction nozal o o for gas e s 
30 which promot e addit i onal r e actio n , in th e si l an e- r e aotor the gas to tho r e aG fioft 
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tr i bromosilan o reactor tho goo to tho r e acto r se ction could be th e hydrohalos i lan e 
al on e , hydrog e n alone o r a combination of - 4he*wo 

3. (currently amended) aA machine of claim 1 or 2 wh i ch further 
comprising the recovervs of_heat from the_granules by direct contact with a high 

10 purity gas, which has carbon and oxygen containing contaminants below 1 

ppmwt and preferably below IQppbwt and which can be non silicon dopooitiR a-ef 
F eaoting gases: ouch ctaooo can selected from a 1st flroup consisting of 
hydrogen, helium, argon, nitrogen and mixtures thereof , or from a 2 nd group 
consisting pf silicon tetrachloride and silicon tetrabromide but not mixtures of the 

1 5 s e cond 2 nd g roup and hydrogen . and must be l ow i n carbon and oxyg e n 



dioxid o and m e than e , wh i ch contam i n a nts must b e b el ow 1 ppmwt and 
pr o ferabiy b el ow 10ppbwt . Gases ouch as si l icon trioh l orosilano and o i lan e are 
not usablo b e caus e th e y decompos e , hydrog e n ch l oride, hydrog e n brom i d e or 
20 mixtures of gaoos, which roaot such as a silicon t e trachloride, and hydrogen 
mixture are not usabl e b e cause th e y can r o oct w i th th e granul e s 

4. (currently amended) aA machine of claim 1 further comprising a heat 
exchanger in which the silicon containing gases are heated by hot liquid or 
condensing vapor maintained within a temperature range which cannot cause 

25 decomposition of the gases; which temperature range is typically between 200- 
400^C but more particularly belween 300-360- 360° q 

5. {currently amended) A machine of claim 1 further comprising a sieving 
device , operated either continuously or in batches, by which the silicon granules 
are sieved using one or more sieves manufactured from non contaminating sieve 

30 material and- und o roiz o d-granul o o roturnod to reactor; wh o r o the 
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5 noncontaminat i ng s ie ve ma t erial is selected from mat e ri a ls which contain s il icon 
the group consistino of single crystal silicon, polycrystalline silicon, silicon oxide, 
silicon nitride, silicon oxynitride t aRd silicon carbide and mixtures thereof w here 
the contaminants in the a bradable surfaces ar o l ow in c on taminants,, such as 
boro n, -ph osphorus, aluminum, arsonic, iron, copp e r and other metals, ouch 
10 cont a m i nants w ill typically be below 1000 ppmwt and preferably below 100 
ppmwt 

6. (currently amended) A machine of claim 1 further comprising an 
op ti on a l feedstock recovery section; where hydrogen is injected in the heating 
section, a silicon containing gas selected from a 1* group consisting of 

15 trichlorosilane dichtorosilane. tribromosilane. dibromosilane, triodosilane. 

diiodosilane and mixtures thereof is injected via the separate Injection means for 
silicon containing gas in the reacting section and a silicon quadfatetrahalide 
selected from a 2 nd group consisting of s uch a s silicon tetrachioride^eF-silicon 
tetrabromide and silicon tetraiodide Is injected after the reactor section , mixed 

20 with the reactor effluent then quenched at an optimal temperature to recover 
sUfCon kvdfehatides hvdrohalosilanes selected from the aforesaid 1 st group such 
a s triohlorosilan o , and d i ohloroartan e , r esidual silicon tetrahalides selected from 
the 2 nd group and hydrogen. 

7. {currently amended) A machine of claim 1 further comprising one or 

25 more cooled joints between external equipment and the reactor which transmit 
hot gases or solids and which are cooled using l o c a lize d, one or more, 
microchannels positioned to primarily cool the immediate area around the 
connection to the reactor and/or the seal ^rea of the connection to the external 

30 Q- ri ng or i ncr e asod p e rm e abi l ity of th e o ring to oxygen - ,wat e r and carbon 
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5 dioxid e does not ca use s i gnificant contamina ti on w i thout e xc o sciv o h o ot loss , 
su c h t empor atureis typical l y 25 - 300 C and preferably 50 150 C for o ring s m a d e 
from high purity fluorooarbon o rings suoh - asA/iton, - Kotrez aad T e flon 

8. (currently amended) A machine of claim JL on e- or two wh o r e th e re is 
further comprising external flow control of each said injection point means, sueh 

10 flow c o ntrol may to e either direct with flow controt of each n e aal e said means 
done independently, gr indirect by means of a flow distribution device s uch a s a 
manifold or a combination of the two where some nozzles of the said infection 
means are ganged in groups,, 

9. (currently amended) aA machine of claim I Swhere th e instantaneous 
15 flow of gases into the reactor through one or more of the injection means is 

varied periodically shap e of th e puls e and/or the distribution of flow between said 
injection means nozzl e s may be is adjusted to control the generation of new 
particles without changing the total flow averaged over 1 minute . 

10. (currently amended^ a preferred variation of claim 8 A machine of claim 
20 4 where the flow of silicon containing g as to e a ch nozzle one or more of the 

separate injection means for silicon containing gas is controlled before the heat 
exchanger h e at e r/s and an even more preferred option where multiple separate 
flows of the silicon containing gas are heated in the same beater best 
exchanger. 

25 11, (currently amended) a pref e rr e d combination of th e abov o cl a ims for 

tho u o o of oilano as a f ee dstock . A machine of claim 2 . where there are; two o f 
mo re stages ; high purity hydrogen is used for the non silicon containing gas to 
the first stage ho ating section and stlane is injected via the separate injection 
means for silicon containing gas in all the stages, for the cooling of tho granular 

30 sil i con and f o r r e turn of und e rsizo granules to the reactor; tho si e ving d e vic e is 
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5 mad e from h i gh - purit y quartz tubos and - po l yorysta l line s il icon oiovo o , tho 
fe e dstock recovery system io net us e d; cool e d jo i nts are used for all the inl e ts 
and outl e ts of tho r e actor; tho cilane hoot exchanger us e s a condensing vapor 
ma i ntain e d in th e temp e rature range 340 380 C and oach gas Inj e otion location 
is i nd e p e ndent l y contro lle d r 

10 12. (currently amended) a pref e rred c ombination of th o a bo v o cl aims fef 

the us e of triohlorosilano^, a n d/or dtohlorosflaneas a feedstock , A machine of 
claim 2. where ther e ar e; tow or more otogoc ; high purity hydrogen is injected in 
us o d for th e non silicon containing g a s to the first and subsequent stages heating 
s e ct i on and to th e^ sooond reacting s o o tion, for tho - oooltng of th e granular si li co n 

15 and - Tor return of undersiaegranul e s to tho r e actor; tho si o ving devic e is mad e 
from high purity quarte tub e s a nd po l yorystatfine silicon sieves , a silicon 
containing gas selected from a l^orqup consisting of trichtorosilane 
dichtorosilane. tribromositane 1 dibromosilane, triodositane. diiodosilane and 
mixtures thereof is jniected via the separate injection means for silicon containing 

20 gas in the 1* stage and further comprising a final f eedstock recovery system is 
us e d an d where a silicon tetrahalide selected from a 2 nd group consisting of 
silicon tetrachloride , silicon tetrabromide and silicon tetraiodide i s injected , mixed 
with the reactor effluent then quenched at an optimal temperature to recover 
gases from the prior 1 st group, residual silicon tetrahaltdes from the prior 2 nd 

25 grpup and hvdrooery t o coo l- the efflu e nt from 11 00 C t o 900 C a nd 

hydrohalosilanos, for - recycle ; ooolod joints aro us e d for all the inlets and outlet s 
of t he-re aotor; th e ohlorosilan e th o- abov e s a id h e at exch a nger usos a 
c ond en sing vapor m ai n tai n e d in the4 omperaturo range 340 360 Oand e ach gas 
injection location is ind e p e ndently controll e d 
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5 13. (currently amended) a vari a tion of claim 1 ,2 ; 1 1 o r 12 - A machine of 

claim 1 where the heatingef section is of smaller diameter than the reactinger 
section above it and connected by a tapered section, angle of said tapered 
section to be between 10 and 80 degrees from the vertical and preferably 
between 30-60 degrees from the vertical, 

10 14, (currently amended) a variation of Glaims 1 ,2,1 1,12 and 13 A machine 

of claim 1 where the heaters used rn the heating sections are selected from the 
group consisting of mav^be resistance heaters, inductive RF heaters, microwave 
heaters, lamp heaters or lasers but are preferably resistance heaters. 

15. (currently amended) a furth e r variat i on of cla i ms 1 ,2, 1 1 , 12 - and 1 3 A 

1 5 machine of claim 6 where a high e ff i ci e ncy cyclone Is used after the injection of 
the silicon tetrahalide t o remove silicon dust from th e -e fflu e nt g a ses and to 
provide residence time for the mixing and reaction of the silicon tetrahalide with 
frem the reactor effluent and the silicon dust to improve the fe e dstock - recovery 
sy s t e m wh e n this i s us e d of the said silicon hvdro halo silanes and tetrahafides. 

20 16. (currently amended) a yet further variation of claims 1 7 2 v 4 1 ,12 and 13 

A machine of claim 1 where a silicon etching gas or mixture of gas e s may be 
injected through one or more nozz le s of the injection means for the purpose of 
etching wall deposits from all or part of the reactor, sue teWherft the gases may b e 
e lem e ntal halides such as is selected from the group consisting of c hlorine, of 

25 bromine, iodine , hydrogon halid e s such as hydrogen chloride^ er hydrogen 
bromid e, hydrogen iodide, or c o mbination s a mixture of hydrogen and s i l icon 
tetroha li do s- suoh as silicon tetrachloride , a mixture of hydrogen and e p-silicon 
tetnabromide. a mixture of hydrogen and silicon tetraiodide and mixtures thereof. 
17. (currently amended) a add i tional i mprovom o nt to th o abov e claim s A 

30 machine of claim 1 where the reactor is supported upon a weigh cell, capable of 
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5 both weighing the reactor and its contents and of measuring the intermittent force 
exerted by the pulsing gas granules a nd v yhere the connections to and from the 
reactor are flexible enough to allow the slight deflection required by the weigh 
cell, said deflection to be less than 1mm and preferably less than 0.5mm, and 
the thermal expansion of the reactor relative to the support structure, said 
10 thermal expansion to be less than 1" (25mm) and preferably less than 1/4" 
(6mm). 

18. (currently amended) a furth e r voriation on the above claim s A machine 
of claim 1 where all or a portion of the non silicon containing gases are heated to 
a temperature below the reaction temperature outside the heating section then 

15 heated to a temperature above the reactionof temperature inside the heatefing 
section prior to entry to the reactinaeF section. 

19. (currently amended) a y et furt her variation of claims 12 and 13 A 
machine of claim 2 w here at least one of the second and subsequent stage 
heatinger sections do e s contains some residual silicon dust and/ or silicon 

20 containing gases from the first stage neactinger section that eaf* form a wall 
deposit. 

20. (canceled) 
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